SUMMARY
the study had been given by the hospital ethics advisory committee. The mean age of the patients was 36.7 yr (range 28-43 yr), the mean weight 64.4 kg (range 43.2-69.1 kg) and the mean height 163 cm (range 156-173 cm).
Premedication consisted of diamorphine 5 mg and atropine 0.6 mg i.m. given 1 h before transfer to the anaesthetic room. An extradural catheter was passed 3-5 cm into the extradural «pace at the Tl 1/12 space. Ten millilitre of 0.5 % bupivacaine was injected over 60 s. Venous occlusion plethysmography was performed before, and for 30 min after, the administration of bupivacaine ( fig. 1 ), then general anaesthesia was induced with thiopentone and maintained with 0.5 % halothane and nitrous oxide in oxygen delivered through a face mask. The patients breathed spontaneously. Incremental doses of 0.5% bupivacaine were administered as necessary. Analgesia after surgery was provided by an infusion of 0.1-0.125% bupivacaine delivered at 15-20 ml h" 1 until 8.30 a.m. on the day after surgery. Diamorphine 5 mg i.m. as required was also prescribed, the last dose being administered before 6 a.m. The mean requirement was 1.7 injections (range 0-4).
When pain was experienced, usually 2 h after stopping the extradural infusion, an extradural injection of 0.5% bupivacaine 10 ml was given over 60 s. This resulted in good analgesia. Measurements of venous occlusion plethysmography were made. On the return of pain later that day, complete analgesia was achieved using diamorphine i.v. An initial dose of 5 mg was given, followed by 1 mg every 2 min until the patient stated, to direct questioning, that she felt no pain. The mean dose requirement was 8.6 mg (range 6-10 mg). Venous occlusion plethysmography was carried out during this injection.
No fluid load was given with the preoperative extradural blockade. The postoperative i.v. fluid regimen was 500 ml of compound sodium lactate solution alternating with 5 % glucose 500 ml, each over 6 h. No patient received blood.
A. control series of measurements was also made on the day before surgery or the day before discharge (8 days after surgery) when the patients were ambulant and free of pain and drugs. The timing of the plethysmography measurements was identical to the other series, although no injections were made.
Plethysmography
Using a Medimatic SP2 machine (Medimatic, Hellerup, Denmark) with automatic cuff inflation and deflation and electrical calibration, strain gauge venous occlusion plethysmography of the calves (Whitney, 1953) was performed on four occasions with the patient supine and the legs elevated 15-17.5 cm at the level of the strain gauges. Fifteen-centimetre thigh cuffs were inflated to a pressure of 50 mm Hg. The 38-cm strain gauges were of the single stranded mercury-insilastic type and were applied with a 2-cm stretch at the level of the calf estimated to have the largest cross-sectional area. On the first application, the position of the strain gauges was marked and the method of application standardized so that their position in the coronal plane and the position of the overlap of the ends was identical in subsequent series, thus avoiding errors attributable to nonuniform limb expansion (Knox et al., 1982) . The same two strain gauges were used for all the patients, each strain gauge being used for one side throughout. The legs were exposed to the ambient temperature for 15 min before recordings were started.
Measurements of arterial inflow, the venous capacity after 4 min of cuff inflation, and maximum venous outflow were made ( fig. 2 ) by one of us (M.C.L.) who was blind to the treatments.
The mean arterial pressure (MAP) was measured at 5-min intervals using a Critikon Dinamap 845 machine.
Where percentage values are given, the baseline ("before injection") value of the control series was taken as 100%. For each subject, the percentage value was calculated as follows: 100 x raw value baseline value °A n estimate of calf resistance was calculated for each patient using the following formula:
MAP (mm Hg) calf arterial flow (ml dl~l min" 1 ) x7999 
Statistical analysis
The treatment values were compared with the control values for the corresponding time using Student's paired t test with a Bonferroni correction (Miller, 1981) . As three t tests were performed at each time point, significance at the 5 % level was only assumed when the t test gave P < 0.02, that is 0.05/3.
RESULTS

Calf arterial flow
The values described are the mean of the values for the left and right legs. The value of arterial flow for each leg was the mean of 3-5 slopes. The absolute values obtained are shown in figure 3 and the percentage changes in figure 4 .
Before the preoperative injection, leg blood flow was 4.6 ml dl 1 min J compared with the control value of 3.4 ml dl" 1 min" 1 . In spite of this, the extradural injection of bupivacaine further increased leg blood flow to 8.3 ml dl" 1 min" 1 30 min after the injection. The differences between the mean values at 10, 20 and 30 min were significant compared with control values. After surgery, the mean arterial flow was 3.6 ml dl" 1 min" 1 before extradural blockade and increased to 5.4 ml dl" 1 min" 1 30 min after the injection of bupivacaine. Compared with the control values, the flow was significantly higher 20 and 30 min after injection.
When the individual percentage changes were averaged, there was a 60 % increase from baseline after premedication and a 183% increase 30 min after the bupivacaine injection before operation. After surgery, leg blood flow was 123 % of baseline and increased by a further 68 % after bupivacaine injection.
With i.v. diamorphine, the flow was essentially unchanged, being 4.0 ml dl" 1 min" 1 before injection and 3.7 ml dl" 1 min" 1 30 min after injection. Compared with the control values, the mean values before and after diamorphine did not differ significantly.
Calf venous capacity
The values obtained are given in table I. The treatment values were less than the control values, but there were no statistically significant differences.
The mean venous capacity at the start of the control period was 3.2 ml dl" 1 (range 2.2-4.0 ml dl" 1 ). With the preoperative extradural blockade, the venous capacity before injection was 2.8 ml dl" 1 (86% of the first control value) and it did not change significantly after injection. After surgery, the values before injection were 2.5 ml dl" 1 before extradural blockade and 2.4 ml dl" 1 before diamorphine-decreases of 30 % and 27 %, respectively, from the first control value and, although the changes were not significant, there were increases in venous capacity after both extradural blockade and i.v. diamorphine.
Maximum venous outflow
Values obtained are shown in table II. The first control and preoperative maximum venous outflow before injection was 69 ml dl" 1 (range 50.7-80.7). None of the other values differed significantly, although the values before injection for the postoperative extradural blockade and diamorphine were only 87% and 77%, respectively, of the control values.
Heart rate and mean arterial pressure
The MAP and heart rate recordings are shown in tables III and IV. Compared with control, MAP increased in the postoperative period before injection but, 30 min after both extradural blockade and i.v. diamorphine, MAP had decreased to control values: from 114% to 95% after extradural blockade, and from 109% to 100% after diamorphine. Following the preoperative extradural blockade, MAP decreased from a value of 104% before injection to 93% at 30 min. None of the differences in MAP was significantly different from control.
The heart rate was significantly increased before the preoperative extradural blockade and at 20 and 30 min after the postoperative blockade and i.v. diamorphine. The mean percentage values of MAP, heart rate, calf arterial flow and resistance are shown in figure 4.
Calculated calf arterial resistance
Extradural blockade was associated with significant decreases in resistance 10,20 and 30 min after injection before and after surgery, but there was no change following i.v. diamorphine. The values are given in table V, and are illustrated as percentages in figure 4. 
Room temperature
During each measurement period, the ambient temperature varied by 1 °C or less. The mean temperature during the preoperative measurements in the anaesthetic room was 24.5 °C. The mean ward temperature was 22.5 °C during the extradural "top-up" measurements, 23.5 °C during the i.v. diamorphine measurements and 24.5 °C during the control measurements.
DISCUSSION
Subarachnoid or extradural blockade reduces the incidence of deep venous thrombosis in patients after hip and femoral neck surgery (Davis, Quince and Laurenson, 1980; Modig, Malmborg and Karlstrom, 1980; Thorbum, Louden and Vallance, 1980; Modig et al., 1981 Modig et al., , 1983b ) and after open prostatectomy (Hendolin, Mattila and Poikolainen, 1981; Poikolainen and Hendolin, 1983 ) when compared with the incidence after an anaesthetic technique using controlled ventilation followed by parenteral opioids "as required" for postoperative analgesia. A reduced incidence of pulmonary embolism was also demonstrated by Modig and colleagues (1981, 1983b) following total hip replacement under lumbar extradural blockade, and by Poikolainen and Hendolin (1983) after retropubic prostatectomy. The three aetiological factors in the formation of thrombus described by Virchow (1856) may be affected by extradural blockade.
Extradural blockade increases deep venous flow velocity (Poikolainen and Hendolin, 1983) . By increasing volume flow rate (Cousins and Wright, 1971; Modig, Malmberg and Karlstrom, 1980) into the legs, flow through the common pathway of the proximal deep veins, namely the popliteal, femoral and external iliac veins, is increased. It is the presence of deep vein thrombosis proximal to the calf that gives rise to a serious risk of pulmonary embolism (Kakkar, Flanc and Howe, 1969) . In patients undergoing total hip replacement, extradural blockade with 0.5 % bupivacaine with adrenaline reduced blood coagulability by decreasing the capacity for activation of factor VIII and improved fibrinolysis in patients undergoing total hip replacement (Modig et al., 1983a) . It is not clear if this was caused by the neural blockade or by the local anaesthetic drug. I.v. lignocaine decreased the incidence of deep vein thrombosis after total hip replacement (Cooke et al., 1977) and the leucocyte invasion of damaged canine venous endothelium (Stewart, 1982) .
Some authors have suggested that the incidence of formation of deep vein thrombosis after hip replacement is increased with increased blood loss (Loudon et al., 1978) and blood transfusion (Gray and Mackie, 1983 ) and that extradural blockade or subarachnoid anaesthesia may reduce the incidence of deep vein thrombosis by reducing blood loss and the requirements for transfusion (Modig et al., 1983b) .
Previous studies have investigated leg blood flow in patients undergoing hip surgery and open prostatectomy-high risk groups for deep vein thrombosis and pulmonary embolism, but no studies on leg blood flow appear to have been undertaken in patients undergoing gynaecological surgery. Furthermore, the postoperative measurements of blood flow were made shortly (3 h) after surgery (Modig, Malmberg and Karlstrom, 1980) , and no comment was made on the quality of analgesia in the opioid group. Patients prescribed opioid analgesia "as required" commonly receive inadequate dosage (Utting and Smith, 1979) . As reflex sympathetic discharge to the lower limbs and adrenal catecholamine secretion may result from painful afferent input to the central nervous system, central interruption of the reflex arc by opioids may have been sub-optimal as a result of inadequate dosage.
In this study, diamorphine was given i.v. until optimal (complete) analgesia was obtained and the effect on leg blood flow was compared with that seen after an analgesic dose of 0.5 % bupivacaine, on the day following surgery. The caudad extent of the block to pin-prick was at least L2, the cephalad height being in the range T3-T11. Therefore, the sympathetic outflow to the lower limbs (T10-L1) (Warwick and Williams, 1973) was blocked. As sympathetic blockade can outlast analgesia following extradural blockade (Daos and Virtue, 1963) , the order of treatments (postoperative extradural blockade/i.v. diamorphine) was not randomized.
Based on the study of Edholm, Fox and Macpherson (1956) , the differences in ambient temperature between the measurement series are too small to account for the large changes in arterial flow.
The increase of arterial flow seen after the institution of extradural blockade before surgery was similar to that in Modig's study (Modig, Malmberg and Karlstrom, 1980) , as was the lack of significant change in venous capacity and maximum venous outflow, although this may be explained by the small number studied. The calf arterial flow following the pain-relieving postoperative extradural blockade was less than that achieved by the preoperative blockade, although the changes in MAP were similar. The calculated calf arterial resistance decreased with extradural blockade rather more before surgery. The reasons for this are not clear, as the postoperative injections always produced good analgesia. It is possible that, after operation, there are higher plasma catecholamine concentrations which oppose the vasodilatation of the sympathetic blockade. The increases in both MAP and heart rate indicate a greater degree of sympathetic activity. Thus, reduction in overall sympathetic efferent activity, as reflected by MAP (Pflug, Halter and Tolas, 1982) , may have been similar, but the predilection for the lower limb sympathetic efferents was relatively less.
While diamorphine provided excellent analgesia with a small decrease in MAP-possibly reflecting decreased sympathetic activity (Pflug, Halter and Tolas, 1982) and a direct vasodilatory effect (Eckenhoff and Oech, 1960) -there was no increase in the lower limb blood flow nor change in the calculated resistance.
After surgery, all patients were experiencing pain before the extradural injection or the i.v. diamorphine, but there was no significantt difference in the arterial flow nor the resistance compared with control. It is likely that residual sympathetic blockade was present in some of the patients on both occasions. A reduction in flow might otherwise have been observed.
Decreased venomotor tone as a result of sympathetic blockade or opioid might be expected to cause increased venous capacity. Although the changes in venous capacity were statistically not significant, the mean values suggest a decrease with pain, relief of which with extradural blockade or i.v. diamorphine was followed by a return to the values before pain was experienced.
The small and insignificant decrease in calf maximum venous outflow after surgery is difficult to explain. Oedema may cause an apparent reduction in maximum venous outflow (Pini et al., 1984) , presumably by decreasing tissue elastance. The patients in this study had been in bed for approximately 36 h by the time of the postoperative measurements and a degree of oedema may be anticipated even if it was not obvious clinically. In the presence of deep vein thrombosis, calf maximum venous outflow decreases by over 50 % (Barnes et al., 1977; Pini et al., 1984 )-a change greater than that seen in the patients in this study.
An editorial (Salzman, 1983) has highlighted the lack of success and adverse effects of treatments such as mini-heparin, warfarin, dextran and aspirin in preventing deep venous thrombosis in patients in high-risk groups, including those requiring pelvic surgery for malignant disease. In these patients, the incidence of deep venous thrombosis is around 40 %, and of fatal pulmonary embolism 1-5 % (Bernstein et al., 1980; Clarke-Pearson, Jelorsek and Creasman, 1983; Crandon and Koutts, 1983; Salzman, 1983) where deep venous thrombosis is sought using venography or 1J6 I-fibrinogen scanning. Remarkably, no mention was made in Salzman's editorial of the potential role of anaesthetic technique in prophylaxis against deep venous thrombosis and pulmonary embolism.
While the rate of increase in mortality from deep vein thrombosis and pulmonary embolism appears to be decreasing (Butler, Cotton and Roberts, 1983) , it has been estimated that potentially preventable thromboembolism may result in 5000-10000 deaths per year in England and Wales (Morris and Mitchell, 1978) . The choice of an appropriate anaesthetic technique may contribute to a decline in this mortality in patients with a high risk of pulmonary embolism. The extradural blockade-induced increase in leg blood flow seen after gynaecological surgery and demonstrated in this study may have a role in deep venous thrombosis prophylaxis. A prospective controlled study is required to assess whether extradural blockade used for operation and postoperative analgesia reduces the incidence of deep venous thrombosis and pulmonary embolism following gynaecological cancer surgery compared with other anaesthetic techniques.
